Summary
Monoamine synthesis and release depend on the availability of their precursors. Preventing road accidents is one of the main problems in developed countries. They are the third cause of mortality in Spain, following cardiovascular diseases and cancer. Important pathologies such as multiple trauma, spinal injuries, etc.
(1, 2) must be added to the high rate of mortality.
Sixty-five to 75% of road accidents are the consequence of human error. These errors may be due to direct or indirect motives. Direct motives are a driver's behavior previous to the accident which are directly responsible for the accident. Most common are indirect causes (3-5). These are the conditions that can impair a driver's data processing functions, for example, inappropriate attention/perception of situations while driving.
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Attention, perception, sleep latency, anxiety level and arousal are aspects of behavior which directly depend on the functioning of some special neurons. Indirect evidence derived from studies on experimental animals suggests that serotoninergic neurons are involved in a wide variety of behaviors, including sleep, while an in crease in norepinephrine release will increase an individual's arousal and decrease the response latency (6-8).
It has been demonstrated that monoamine synthesis and release depend on the availability of their precursors (9-12). This is an important fact, as it makes it possible for us to control some individual behaviors and aptitudes by changing the dietary supply of the amino acid precursors of such neurotransmitters (9, 11). Consumption of a meal can increase plasma tryptophan, choline, or tyrosine concentrations as much as several fold for a short period of time (the number of hours needed to digest and absorb the meal) (13) .
Tryptophan tends to be very scarce in most dietary proteins. Hence, when a given amount of protein is consumed in a meal, its direct contribution of trypto phan molecules to systemic circulation is proportionately much less than its con tribution of the other large neutral amino acids (11) . Although it might seem to be counter-intuitive, a meal which most effectively raises brain tryptophan levels is one that lacks tryptophan entirely (that is, one containing carbohydrates but no proteins) (13) . A carbohydrate-rich meal leads to intensive hyperinsulinemia. Through its antilipolytic properties, insulin stimulates the transfer of free fatty acids from al bumin to adipocytes, thus reducing the fatty acid albumin content and enhancing the affinity of albumin for tryptophan. This makes it possible to avoid the trans portation of tryptophan into the striated muscle cells by the insulin which affects the branched amino acids. The net effect is an unbalance in the plasma tryptophan/ large neutral amino acids ratio, which leads to enhanced tryptophan transport across the blood-brain barrier and an increase in serotonin synthesis (14) . The influence of carbohydrates on the concentration of tryptophan in the brain is already attenuated by comparatively low quantities of protein; a 5-8% casein fraction of the total calories can block the carbohydrate-induced increase in brain tryptophan (15) . Unlike tryptophan, tyrosine is fairly abundant in dietary proteins. A protein-free meal will cause no change, or a small increase in the plasma tyrosine ratio (the ratio of tyrosine concentration to the sum of the other competing large neutral amino acids), while an enriched-protein meal will increase this ratio and potentially accelerate catecholamine synthesis (16) .
What remains to be seen is whether the increase in the synthesis of neuro transmitters is actually translated into an increase in transmitter release and, more importantly, in these activities mediated by them. There are contradictory reports about this fact as changes in function are particularly difficult to evaluate because of the subtle nature of the behaviors in which monoamines are involved (10).
Based on the functions of serotonin and norepinephrine on sleep latency, attention, perception and other aptitudes necessary for driving, we designed the following study to determine the effects of diet on the skills for a correct driving attitude in order to lower the incidence of indirect causes of road accidents.
STUDY POPULATION AND METHODOLOGY
We designed a crossover, double-blind study with a sample of 50 volunteers, 26 males and 24 females aged 21 to 30 years old. All of them had a driver's license. None of the volunteers was under pharmacologic treatment.
At breakfast time, after an 8 h fast, each volunteer ingested, randomly alter nating, a protein-enriched product or a carbohydrate meal. The protein-enriched product was an enteral complete liquid diet (Traumacal(R), composition on Table  1 ). The protein was casein, lipids were in a 70% soybean oil and 30% MCT and carbohydrates were supplied by corn syrup and sacarose. Each volunteer ate a unit of 237mL of the product. The carbohydrate meal was a powder compound (Oligosacaridos CN(R), composition in Table 1 ), and the mixture of oligosaccharides were obtained from the hydrolysis of different cereals. Each volunteer ingested 100g of the compound, dissolved in enough water to make the mixture pleasant to the person. A period of 15 days separated both ingestions. Both products were coded and neither the individual being studied nor the member of the research team who made the tests knew which product the person had ingested in each phase of the study. Three hours after ingestion of the product, the following test was given to each subject employing DRIVER-TEST C-820, a special computerized device for psychotechnical trials, normalized by a commitee of specialized psychologists for the State Traffic Office of Spain. This test is required to obtain and renew one's driver's licence in our country and it is based on previous tests with international prestige. Its reproductibility and validity have been tested and proved by an inten sive statistical analysis needed to obtain the normalization by the Traffic Office (17) . It consists of the following tests:
-Anticipatory speed test. In this test, a moving object appears on the com puter screen. It has a steady direction and speed and the individual must calculate the speed the object moves in order to predict when it will arrive at a certain point in his/her route. Mobiles moved at one speed that alternated 3 pixels/s with 7 pixels/s. The test is meant to evaluate a subject's ability in the perception of speed and his/her level of control in order to not precipitate the response .
-Coordination between vision and manual skills test. This is a simulation test. On the computer screen, there are two white strips that move at a steady speed upward, downward and sinuously. In the middle line there are two rings that can be moved horizontally by the subject with two joysticks at the dashboard . The object of the test is to maintain both rings inside the strips during their "course" to evaluate the person's skills and coordination between manual skill and vision .
-Polyreactimeter. This test presents different kinds of stimulus: a red point that must be responded to by pressing one button on the dashboard with the left hand; a white X that must be responded to by pressing one button with the right hand; a high-tone sound that must be responded to by pressing the right pedal; and a low-tone sound that must be responded to by pressing the left pedal. There are two more stimulusicons, a green point and a white cross that receive no re sponse. The aim of the whole test is to evaluate: -The subject's capability of mental concentration, -Resistance to monotony, and -Latency response and discrimination capability. The same tests were applied in two phases that were modified to avoid learning: on the anticipatory speed test by changing the speed of the mobile to 4 and 8 pixels/s (ratio between fast and slow mobiles was maintained). On the coordination test, no changes were done, and for the polyreactimeter we changed the stimulus presented: a red triangle for the right foot, a green square for the left foot, and two different kind of tones (different between them and those of the first time) for the hand responses; a green triangle and a white arrow were the non-response stimulusicons.
To minimize the influence of nicotine on the skills needed to drive , smokers were prevented from smoking until the tests were over .
Statistical analysis. For the comparison of results between both products , we applied Student's t-test for paired samples, while the differences between males and females were analyzed by Student's t-test for independent samples. The corresponding non-parametric methods were applied when needed.
Differences between percents were analyzed by x2 and McNemar test. To find out if there was any correlation between test results and the phase of trial we applied a multiple regression test with the test results as the dependent variable and the kind of product and phase of study as the independent variables.
Results were considered significant when p<0.05. Analysis was done with the Statistical Package for Social Sciences (SPSS/PC) for Windows, v. 6.1. 1993-1994 (SPSS Inc., 444N Michigan Avenue, Chicago, IL, USA).
The study design was approved by the Oviedo University Hospital Committee on Ethical Research. Table 2 shows the socioeconomical characteristics of the sample. No significant differences were seen between males and females, so both groups were comparable.
RESULTS
Mean driving years was 6 years for males and 5 years for females. Fifty-two percent of the samples were regular drivers (61 % of the males and 25% of the females), and 48% (39.5% of the males and 75% of the females) only drove occasionally. Forty of the subjects (80%) reported no road accidents at all; 8 (16%) had been in 1 road accident and 2 (4%) had been involved in two or more road accidents.
No relation was found between the results in the performance of the test and the number of years with a driver's licence, the fact of being a regular driver or not, number of road accidents or previous hours of sleep.
As the result of sorting, 25 of the volunteers (13 males and 12 females) ingested the protein product for the first phase and the other 25 (13 males and 12 females) Table 2 . Socioeconomic characteristics of the sample.
In parentheses is the number of subjects. percentile 50 and ranges are used to define distribution, as no parameters followed a normal pattern. In the whole sample and in males, the learning of the test (learning capacity estimated by the computer, following the formula: number of stimulus for an optimal learning x mean time of response) was significantly better after the ingestion of CH than after the consumption of P. Females made statistically fewer mistakes when performing the test than males. The percent of individuals who claimed a subjective feeling of "being sleepy and weak" after the ingestion of each product was higher after the consumption of the CH product (20% (6 men and 4 women) vs. 12% (4 men and 2 women) after the ingestion of P), a difference without statistical significance (McNemar test, p=0.42 DISCUSSION Our data showed no modification of the performance of the applied test after the ingestion of each product. Performance tended to be poorer after CH ingestion but the results are inconclusive as significance is only found sporadically. Thus, the consumption of a protein-enriched diet or of a meal comprised of only carbo hydrates has no influence on correct driving attitudes.
The results of other studies on the influence of diet in behavior are a matter of controversy. The theories are mainly based on animal experimentation. Studies with rats seem to confirm that the ingestion of a carbohydrate-enriched meal increases the tryptophan level in the brain and thus allows higher serotonin synthesis (18) . But even in experimental animals, results on behavior are not conclusive. Some works found that the addition of tryptophan to the diet of rats lowers locomotor activity (19-21) while other studies described increases in locomotor activity, and even the emergence of stereotyped behaviors (22, 23) . On sleep latency, some works found that high doses of tryptophan lowered sleep thresholds in rats (24) . On the other hand, another one saw this reaction occurred with small doses of tryptophan, but that high doses of tryptophan could even increase arousal (25) . In regards to other aspects of behavior, some stated that the administration of tryptophan increased aggression in mice after two weeks but not after six weeks (26) . In con trast, another reported that decreases in dietary tryptophan facilitated mouse killing in killer rats and induced this behavior in nonkiller rats (27) . In humans, findings on the influence of carbohydrates and protein on mood and behavior have varied depending on the subject's age and sex. In a study conducted using 40 yound males who ingested a high-protein lunch one day and a high-carbohydrate lunch on another day, the authors saw that results were significantly slower in a reaction time test on the day that the subjects ingested the carbohydrate lunch as compared to the day that they received the protein meal. Those men also reported feeling more sleepy and less vigorous on the afternoon following the ingestion of carbohydrates (28). Spring et al (29, 30) designed some studies in which subjects ingested either carbohydrates or protein in the morning or in the afternoon and then performed some test and filled out a self report questionnaire. After the carbohydrate meal, females reported feeling more sleepy; males felt calmer and older subjects reported feeling less tense after the carbohydrate meal than after the protein meal. Their conclusion was that carbohydrate ingestion has sedative properties and protein meals increase alertness.
We cannot confirm these facts as, although the proportion of subjects who reported feeling sleepy was higher after the ingestion of CH than after the ingestion of P, the results did not reach statistical significance. Furthermore, this "sleepy feeling" did not influence performance in the tests. This may be due to the fact that the study was done using volunteers, most of whom were postgraduates, with a good cultural background and special interest in the performance of the tests. More studies in a randomized population should be done to confirm this point.
There are studies that point out the idea that not all the effects of carbohydrates on mood and behavior are mediated by their influence on serotonin levels. A memory improving effect of glucose injections in rats has been found and seems to be mediated peripherically (31) . We saw significantly better learning in the polyreactimeter test after the ingestion of CH than after the ingestion of P, especially in males, but a deeper and more specialized approach to the subject should be done to arrive at conclusions.
According to our results and in agreement with others (18), we have reached the conclusion that the influence of diet on brain serotonin and, more importantly, on the activities mediated by serotonin, is not an important phenomenon in humans but merely a circumstantial one.
Differences between sex
Performance in the tests aimed at knowing the right appreciation of distances and coordination between manual skill and vision was better for males than for females (without relation to the kind of meal ingested). On the other hand, the results of the polyreactimeter test (a test that involves good and quick visual memory) were better for females than males. There were significant differences in the number of errors and in the learning capability. These results agree with the finding of other studies. Some authors (32) think that males perform better than females in tasks related to spatial appreciation, in particular those tests that involve mental calculation of a change in position in space or other mental manipulation of objects. Males are also better in the mental figuration of a course and are more precise in performing psychomotor tests. On the other hand, females have better visual memory and verbal abilities. These differences do not seem to be related to higher training of males. Some authors (32) point out that sexual hormones are involved in the functional organization of the nervous system at the beginning of embriological development, producing different structuration of the neurones in males and females. Thus, from early in life, environmental stimulation exerts its effects upon a different brain structuration.
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